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(57) ABSTRACT

A partition board that is arranged between two electrical
storage elements that are arranged adjacent to each other in
a predetermined direction (X direction) includes a guide
portion, a first pin and a second pin. The guide portion is
used to cause the partition board to move in the predeter-
mined direction when each electrical storage clement is
arranged onto the partition board. The first pin protrudes in
the predetermined direction, and is used to position the
partition board in the predetermined direction. The second
pin is provided at a location different in a top to bottom
direction of the partition board from a location at which the
first pin is provided, and protrudes in the same direction as
the direction in which the first pin protrudes.

11 Claims, 6 Drawing Sheets
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PARTITION BOARD, AND METHOD OF
RESTRAINING ELECTRICAL STORAGE
ELEMENTS

INCORPORATION BY REFERENCE

The disclosure of Japanese Patent Application No. 2012-
178203 filed on Aug. 10, 2012 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a partition board that is used in an
electrical storage device in which a plurality of electrical
storage elements are arranged in a predetermined direction
and that is arranged between any adjacent two of the
electrical storage elements in the predetermined direction.

2. Description of Related Art

When a battery pack is formed of a plurality of secondary
batteries, the plurality of secondary batteries may be
arranged in a predetermined direction, and a partition board
may be arranged between any adjacent two of the secondary
batteries. Here, a pair of end plates are respectively arranged
at both end portions of the battery pack in the predetermined
direction, and restraint force is applied to the plurality of
secondary batteries and the plurality of partition boards with
the use of the end plates.

International Application Publication No. 2011/111153
(WO2011/111153) describes a processing device for
inspecting secondary batteries before shipment. In the pro-
cessing device, the secondary batteries each are arranged
between any two of a plurality of restraining portions
arranged in a predetermined direction, and contact pressure
is applied to the secondary batteries with the use of the
restraining portions. After contact pressure has been applied
to the secondary batteries, the secondary batteries are
charged for the first time.

When the secondary batteries are inspected as in the case
of WO2011/111153, for example, a plurality of partition
boards that constitute a battery pack may be arranged in the
predetermined direction in advance, and then each second-
ary battery may be inserted between any adjacent two of the
partition boards arranged in the predetermined direction.
Here, when the secondary batteries are inserted, the clear-
ance between any adjacent two of the partition boards needs
to be uniformed while sliding the plurality of partition
boards in the predetermined direction. However, when the
partition boards are slid in the predetermined direction, there
is a concern that the partition boards incline with respect to
the predetermined direction.

SUMMARY OF THE INVENTION

A first aspect of the invention provides a partition board
to be arranged between two electrical storage elements that
are arranged adjacent to each other in a predetermined
direction. The partition board includes a guide portion, a first
pin and a second pin. The guide portion is configured to
cause the partition board to move in the predetermined
direction when each electrical storage eclement is arranged
onto the partition board.

The first pin protrudes in the predetermined direction, and
is configured to position the partition board in the predeter-
mined direction. That is, it is possible to position the
partition board by bringing the first pin into contact with
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another member. The second pin is provided at a location
different in a top to bottom direction of the partition board
from a location at which the first pin is provided, and
protrudes in the same direction as the direction in which the
first pin protrudes.

According to the first aspect of the invention, it is possible
to position the partition board in the predetermined direction
with the use of the first pin. That is, it is possible to position
the partition board by bringing the first pin into contact with
another member. Specifically, when a plurality of the parti-
tion boards are arranged in the predetermined direction, it is
possible to position each partition board by bringing the first
pin of each partition board into contact with another adjacent
one of the partition boards in the predetermined direction. In
this way, by positioning the partition board in advance, it
becomes easy to arrange each electrical storage element onto
the partition board.

When the partition board is caused to move in the
predetermined direction with the use of the guide portion,
there is a concern that the partition board inclines with
respect to the predetermined direction. Inclination of the
partition board means a slant of the upper portion of the
partition board downward of the partition board. When the
partition board is caused to move in the predetermined
direction, for example, the guide portion of the partition
board is caused to move along a member (part of a jig) that
extends in the predetermined direction. At this time, depend-
ing on a contact state between the guide portion and the jig,
there is a concern that the partition board inclines.

According to the first aspect of the invention, it is possible
to suppress inclination of the partition board with the use of
the second pin provided at a location different from a
location at which the first pin is provided. That is, even when
the partition board attempts to incline, it is possible to
suppress inclination of the partition board by the contact of
the second pin with another member. Specifically, in the case
where a plurality of the partition boards are arranged in the
predetermined direction, when any one of the partition
boards attempts to incline, it is possible to suppress incli-
nation of the any one of the partition boards by bringing the
second pin of the any one of the partition boards into contact
with another adjacent one of the partition boards.

The guide portion and the second pin may respectively
have surfaces at grade, the surfaces extending in the prede-
termined direction. That is, the second pin may be provided
at a location adjacent to the guide portion in the predeter-
mined direction. Thus, it is possible to cause the partition
board to move in the predetermined direction with the use of
the guide portion and the second pin, and it becomes easy to
suppress inclination of the partition board with respect to the
predetermined direction.

The length of the first pin in the predetermined direction
may be equal to the length of the second pin in the
predetermined direction. Thus, it is possible to position the
partition board in the predetermined direction with the use of
not only the first pin but also the second pin. Here, the
second pin may have the function of suppressing inclination
of the partition board in the predetermined direction and the
function of positioning the partition board in the predeter-
mined direction.

The length of each of the first pin and the second pin in
the predetermined direction may be smaller than the thick-
ness of each electrical storage element in the predetermined
direction. The partition boards according to the first aspect
of the invention are arranged in the predetermined direction,
and the first pin and second pin of each partition board
contact another adjacent one of the partition boards in the



US 9,468,115 B2

3

predetermined direction. Thus, it is possible to regulate the
clearance between any adjacent two of the partition boards
in the predetermined direction.

Here, when the length of each of the first pin and the
second pin in the predetermined direction is smaller than the
thickness of each electrical storage element in the predeter-
mined direction, each electrical storage element is inserted
into between adjacent two of the partition boards in the
predetermined direction only after the clearance between the
adjacent two of the partition boards has been expanded.
When the clearance between adjacent two of the partition
boards is expanded in a state where the clearance between
the adjacent two of the partition boards has been regulated
with the use of the first pin and the second pin, it is possible
to expand the clearance between the adjacent two of the
partition boards in a state where the clearance between any
adjacent two of the partition boards is uniform among at
least three partition boards. Then, it is possible to insert each
electrical storage element into between the adjacent two of
the partition boards in a state where the clearance between
any adjacent two of the partition boards is uniform.

The partition board may have a plurality of the first pins
and a plurality of the second pins. Here, the center of gravity
of the partition board may be located within a region
surrounded by the plurality of first pins and the plurality of
second pins. The region surrounded by the plurality of first
pins and the plurality of second pins is one region sur-
rounded by straight lines that connect the first pins and the
second pins.

With this configuration, it is possible to suppress inclina-
tion of the partition board about the center of gravity by
using at least one of the plurality of first pins and the
plurality of second pins. That is, when the partition board
attempts to incline about the center of gravity, it is possible
to inhibit inclination of the partition board by the contact of
the first pins or the second pins with another member.

The first aspect of the invention of the partition board to
be arranged between two electrical storage elements that are
arranged adjacent to each other in a predetermined direction
may include: a board body; a lower arm portion provided at
lower peripheral portion of the board body; an upper arm
portion provided at upper peripheral portion of the board
body: a first pin protruding from the lower arm portion in the
predetermined direction; and a second pin protruding from
the upper arm portion in the predetermined direction.

A second aspect of the invention provides a method of
restraining a plurality of electrical storage elements arranged
in a predetermined direction in an electrical storage device
that includes the plurality of electrical storage elements and
a plurality of partition boards, each of which is arranged
between any adjacent two of the electrical storage elements
in the predetermined direction. The restraining method
includes: regulating a clearance between the any adjacent
two of the partition boards in the predetermined direction
with the use of the first pin provided at each of the partition
boards; inserting each electrical storage element into
between the any adjacent two of the partition boards in the
predetermined direction; and applying restraint force in the
predetermined direction to the electrical storage elements.

Here, when each of the partition boards is caused to move
in the predetermined direction with the use of a guide
portion provided at each of the partition boards, inclination
of each partition board with respect to the predetermined
direction is suppressed with the use of a second pin that is
provided at a location different in a top to bottom direction
of each partition board from a location at which the first pin
is provided and that protrudes in the same direction as the
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direction in which the first pin protrudes. According to the
second aspect of the invention as well, it is possible to obtain
advantageous effects similar to those of the first aspect of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the invention will be
described below with reference to the accompanying draw-
ings, in which like numerals denote like elements, and
wherein:

FIG. 1 is a schematic view of a battery stack;

FIG. 2 is an external view of a single cell;

FIG. 3 is a front view of a partition board;

FIG. 4 is a cross-sectional view taken along the line IV-IV
in FIG. 3;

FIG. 5 is a view when the partition board is viewed in the
arrow Y2 direction in FIG. 3;

FIG. 6 is a view that shows the relationship among four
pins provided at the partition board and the center of gravity
of the partition board;

FIG. 7 is a view that shows a state immediately after a
plurality of the partition boards are assembled to a restrain-
ing jig;

FIG. 8 is a view that shows a state after the plurality of
partition boards have been positioned with the use of the
restraining jig;

FIG. 9 is a view that illustrates a process of expanding the
clearance between any adjacent two of the partition boards;

FIG. 10 is a view that shows a state where the single cells
are assembled to the restraining jig; and

FIG. 11 is a view that illustrates a state where the partition
board is inclined.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, an embodiment of the invention will be
described.

A battery stack (which corresponds to an electrical storage
device) according to a first embodiment of the invention will
be described with reference to FIG. 1. FIG. 1 is an external
view of the battery stack according to the present embodi-
ment. In FIG. 1, the X-axis, the Y-axis and the Z-axis are
axes perpendicular to one another, and, in the present
embodiment, the axis that corresponds to a vertical direction
is set to the Z-axis. The relationship among the X-axis, the
Y-axis and the Z-axis is the same in the other drawings.

The battery stack 1 shown in FIG. 1 may be, for example,
mounted on a vehicle. The vehicle may be a hybrid vehicle
or an electric vehicle. The hybrid vehicle includes a power
source, such as a fuel cell and an engine, in addition to the
battery stack 1 as a power source for propelling the vehicle.
The electric vehicle includes only the battery stack 1 as the
power source for propelling the vehicle.

In the vehicle that includes the battery stack 1, it is
possible to convert electric energy, output from the battery
stack 1, to kinetic energy and to propel the vehicle using the
kinetic energy. Specifically, a motor generator converts
electric energy, output from the battery stack 1, to kinetic
energy, and the kinetic energy generated by the motor
generator is transmitted to a wheel. Thus, it is possible to
propel the vehicle.

When the battery stack 1 is mounted on the vehicle, it is
possible to accommodate the battery stack 1 in a stack case.
Then, it is possible to fix the stack case to the body of the
vehicle.
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The battery stack 1 includes a plurality of single cells
(which correspond to electrical storage elements) 100. The
plurality of single cells 100 are arranged in the X direction.
The number of the single cells 100 may be set as needed on
the basis of for example, a required output of the battery
stack 1. Each single cell 100 may be a secondary battery,
such as a nickel metal hydride battery and a lithium ion
battery. Instead of the secondary battery, an electric double
layer capacitor may be used.

In the present embodiment, the plurality of single cells
100 are arranged in the X direction; however, the arrange-
ment is not limited to this configuration. Specifically, it is
also applicable that each single battery module is formed by
electrically connecting a plurality of single cells in series
with one another and then a plurality of the battery modules
are arranged in the X direction.

As shown in FIG. 2, each single cell 100 includes a
battery case 130, and the battery case 130 may be, for
example, made of a metal. Each single cell 100 is a so-called
square battery. In the square single cell 100, the battery case
130 is formed in a rectangular parallelepiped shape. The
inside of the battery case 130 is hermetically sealed, and a
power generating element 140 is arranged inside the battery
case 130.

The power generating element 140 is an element that is
charged or discharged. The power generating element 140
includes a positive electrode element, a negative electrode
element, and a separator arranged between the positive
electrode element and the negative electrode element. The
positive electrode element has a current collector and a
positive electrode active material layer formed on the sur-
face of the current collector. The negative electrode element
has a current collector and a negative electrode active
material layer formed on the surface of the current collector.

An electrolytic solution is impregnated in the positive
electrode active material layer, the negative electrode active
material layer and the separator. Instead of the electrolytic
solution, a solid electrolyte may be used. When a solid
electrolyte is used, the separator is omitted, and a solid
electrolyte layer is arranged between the positive electrode
element and the negative electrode element.

A positive electrode terminal 110 and a negative electrode
terminal 120 are provided on the upper face of the battery
case 130. The positive electrode terminal 110 is electrically
connected to the positive electrode element of the power
generating element 140, and the negative electrode terminal
120 is electrically connected to the negative electrode ele-
ment of the power generating element 140. Here, the posi-
tive electrode terminal 110 and the negative electrode ter-
minal 120 just need to be exposed to the outer face of the
battery case 130, and the location at which the positive
electrode terminal 110 and the negative electrode terminal
120 are provided may be set as needed. For example, the
positive electrode terminal 110 and the negative electrode
terminal 120 may be provided on the side face (side face
perpendicular to the Y direction) of the battery case 130.

In the battery stack 1 shown in FIG. 1, the plurality of
single cells 100 arranged in the X direction are electrically
connected in series with one another by a bus bar module
400. The bus bar module 400 includes a plurality of bus bars
and a holder that holds the plurality of bus bars. The holder
may be made of an insulating material, such as a resin. Each
bus bar is connected to the positive electrode terminal 110 in
one of any adjacent two of the single cells 100 in the X
direction, and is connected to the negative electrode terminal
120 in the other one of the any adjacent two of the single
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cells 100 in the X direction. Thus, the plurality of single cells
100 are electrically connected in series with one another.

In the present embodiment, all the single cells 100 are
electrically connected in series with one another; however,
it is not limited to this configuration. Specifically, the
plurality of single cells 100 that are electrically connected in
parallel with one another may be included in the battery
stack 1. In this case, by appropriately changing the shape of
each bus bar, it is possible to electrically connect the
plurality of single cells 100 in parallel with one another.

A pair of end plates 300 are respectively arranged at both
ends of the battery stack 1 in the X direction. That is, the pair
of end plates 300 sandwich the plurality of single cells 100
in the X direction. Bands 310 extend in the X direction. Both
longitudinal ends of each of the bands 310 are respectively
fixed to the pair of end plates 300.

The bands 310 may be, for example, made of a metal. In
the present embodiment, the two bands 310 are arranged on
the upper face of the battery stack 1. Although not shown in
FIG. 1, two bands 310 are also arranged on the lower face
of the battery stack 1.

By fixing the bands 310 to the pair of end plates 300, it
is possible to apply restraint force to the plurality of single
cells 100 that constitute the battery stack 1. Restraint force
is force that sandwiches the plurality of single cells 100 in
the X direction. By applying restraint force to the single cells
100, it is possible to, for example, suppress expansion of the
single cells 100.

In the lithium ion secondary battery that serves as each
single cell 100, the power generating element 140 repeats
expansion and contraction through charging and discharg-
ing. Here, expansion and contraction of each single cell 100
(power generating element 140) are suppressed by applying
restraint force to each single cell 100. Thus, it is possible to
suppress a decrease in the input/output performance of each
single cell 100 (power generating element 140) with expan-
sion and contraction of each single cell 100 (power gener-
ating element 140).

In the present embodiment, the two bands 310 are
arranged on the upper face of the battery stack 1 and the two
bands 310 are arranged on the lower face of the battery stack
1; however, it is not limited to this configuration. That is, it
is just required to be able to apply restraint force to the single
cells 100 by fixing the bands 310 to the pair of end plates
300. Therefore, the number of the bands 310 and the
locations at which the bands 310 are provided may be set as
needed.

A partition board 200 is arranged between any adjacent
two of the single cells 100 in the X direction. Each partition
board 200 may be, for example, made of an insulating
material, such as a resin. By using the partition boards 200
made of an insulating material, it is possible to electrically
insulate any adjacent two of the single cells 100 in the X
direction.

FIG. 3 is a view (front view) of the partition board 200
when viewed in the X direction. Here, FIG. 1 is a schematic
view of the battery stack 1. FIG. 1 shows the positional
relationship among the single cells 100 and the partition
boards 200. Here, each partition board 200 is specifically
formed into a shape shown in FIG. 3. The dashed line shown
in FIG. 3 indicates the position of the single cell 100 when
the single cell 100 is arranged onto the partition board 200.

Each partition board 200 has a board body 210, and the
board body 210 has a plurality of protrusions 220. The
plurality of protrusions 220 are arranged in the Y direction,
and each protrusion 220 protrudes from the board body 210
in the X direction as shown in FIG. 4. Here, FIG. 4 is a
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cross-sectional view that is taken along the line IV-IV in
FIG. 3. By forming the protrusions 220 in this way, it is
possible to form space between any adjacent two of the
protrusions 220 in the Y direction.

The distal end of each protrusion 220 in the X direction
contacts the single cell 100. Thus, space is formed between
each partition board 200 and a corresponding one of the
single cells 100, that is, a region in which no protrusion 220
is provided. This space is used as a passage through which
a heat exchange medium that is used to adjust the tempera-
ture of the single cell 100 flows. The heat exchange medium
may be a gas or a liquid.

When cooling heat exchange medium is introduced into
the space formed between each partition board 200 and a
corresponding one of the single cells 100, it is possible to
cool the single cells 100 through heat exchange between the
heat exchange medium and the single cells 100. When
warming heat exchange medium is introduced into the space
formed between each partition board 200 and a correspond-
ing one of the single cells 100, it is possible to warm the
single cells 100 through heat exchange between the heat
exchange medium and the single cells 100.

In the present embodiment, the protrusions 220 are
formed in the shape shown in FIG. 3; however, the shape is
not limited to the shape shown in FIG. 3. That is, it is just
required to be able to form space between each partition
board 200 and a corresponding one of the single cells 100
using the protrusions 220. Here, the protrusions 220 just
need to protrude in the X direction with respect to the board
body 210. Within a plane (Y-Z plane) shown in FIG. 3, the
shape of each of the protrusions 220 and the locations of the
protrusions 220 may be set as needed.

A first arm portion 230 and a second arm portion 240 are
provided at the upper portion of the board body 210. The
first arm portion 230 and the second arm portion 240 are
respectively located at both ends of the board body 210 in
the Y direction. That is, the first arm portion 230 and the
second aim portion 240 are provided at the same location
(height) in the Z direction.

The first arm portion 230 has an inclined surface 231. As
shown in FIG. 5, the inclined surface 231 is inclined with
respect to the X-axis. FIG. 5 is a view (side view) of each
partition board 200 when viewed in the arrow Y2 direction
in FIG. 3. As will be described later, the inclined surface 231
is used when each single cell 100 is assembled into between
any adjacent two of the partition boards 200 in the X
direction.

A pin (which corresponds to a second pin) 232 protrudes
from the first arm portion 230 in the X direction. The pin 232
is provided within the same plane as a guide surface (which
corresponds to a guide portion) 233 that is located at the
lower end of the first arm portion 230. That is, the outer
periphery (lower surface) of the pin 232 and the guide
surface 233 are formed of a continuous surface. As will be
described later, the guide surface 233 is used to slide the
partition board 200 in the X direction.

The second arm portion 240 has a similar configuration to
the first arm portion 230, and has an inclined surface 241.
The inclined surface 241 is inclined with respect to the
X-axis, and a pin (which corresponds to a second pin) 242
protrudes from the second arm portion 240 in the X direc-
tion. The pin 242 is provided in the same plane as a guide
surface (which corresponds to a guide portion) 243 that is
located at the lower end of the second arm portion 240. That
is, the outer periphery (lower surface) of the pin 242 and the
guide surface 243 are formed of a continuous surface. As
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will be described later, the guide surface 243 is used to slide
the partition board 200 in the X direction.

A third arm portion 250 is located below the first arm
portion 230. The third arm portion 250 protrudes from the
board body 210 in the Y direction, and the third arm portion
250 has a pin (which corresponds to a first pin) 251 that
protrudes in the X direction. Here, the protruding direction
of'the pin 251 with respect to the third arm portion 250 is the
same as the protruding direction of the pin 232 with respect
to the first arm portion 230. In other words, the pins 232, 251
are located within the same plane (Y-Z plane).

A fourth arm portion 260 is provided below the second
arm portion 240. The fourth arm portion 260 protrudes from
the board body 210 in the Y direction, and the fourth arm
portion 260 has a pin (which corresponds to a first pin) 261
that protrudes in the X direction. Here, the protruding
direction of the pin 261 with respect to the fourth arm
portion 260 is the same as the protruding direction of the pin
242 with respect to the second arm portion 240. In other
words, the pins 242, 261 are located within the same plane
(Y-Z plane).

The third arm portion 250 and the fourth arm portion 260
are provided at the same position (height) in the Z direction.
As described above, the four pins 232, 242, 251, 261 are
provided on the same side (right side in FIG. 5) with respect
to the board body 210, and are located within the same plane
(Y-Z plane). In addition, the lengths (protruding amounts) of
the four pins 232, 242, 251, 261 in the X direction are equal
to one another. Alternatively, the lengths of the pins 232, 242
in the X direction may be smaller than the lengths of the pins
251, 261 in the X direction.

As shown in FIG. 6, the center of gravity G of the partition
board 200 is located inside a region R surrounded by the four
pins 232, 242, 251, 261. Specifically, the center of gravity G
is located between a straight line that connects the pins 232,
242 and a straight line that connects the pins 251, 261. In
addition, the center of gravity G is located between a straight
line that connects the pins 232, 251 and a straight line that
connects the pins 242, 261. FIG. 6 is a view corresponding
to FIG. 3. Here, the center of gravity G of the partition board
200 just needs to be located inside the region R or at the
outer edge of the region R. The outer edge of the region R
is a portion indicated by the dashed line in FIG. 6.

The center of gravity G of the partition board 200 is
located inside the region R. Thus, it is possible to efficiently
suppress a slant of the partition board 200. When the center
of gravity G of the partition board 200 is located outside the
region R, there is a concern that the partition board 200
inclines even when the pins 232, 242, 251, 261 are provided.
That is, the partition board 200 tends to incline about the
center of gravity G. Therefore, when the center of gravity G
is located inside the region R, it is possible to efficiently
suppress inclination of the partition board 200 about the
center of gravity G with the use of the pins 232, 242, 251,
261.

Next, part of a process of applying restraint force to the
single cells 100 in order to inspect the single cells 100 will
be described. Here, a process until each single cell 100 is
inserted into between any adjacent two of the partition
boards 200 in the X direction will be described. After each
single cell 100 has been inserted into between any adjacent
two of the partition boards 200 in the X direction, restraint
force is applied to the single cells 100. The restraint force is
force that sandwiches the single cells 100 in the X direction.
On the other hand, after restraint force has been applied to
the single cells 100, the single cells 100 are charged for the
first time.
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Initially, the plurality of partition boards 200 are arranged
on a restraining jig 500 shown in FIG. 7. When the plurality
of partition boards 200 are arranged, the partition boards 200
are arranged such that the orientation of each partition board
200 is the same. That is, as shown in FIG. 7, each partition
board 200 is arranged such that the pins 232, 251 are located
on the right side with respect to the board body 210.

Here, when the plurality of partition boards 200 are just
arranged on the restraining jig 500, there are variations in the
clearance between any adjacent two of the partition boards
200 in the X direction. For example, as shown in FIG. 7,
there are the two partition boards 200 that are arranged at the
clearance W11, and there are the two partition boards 200
that are arranged at the clearance W12. Here, the clearances
W11, W12 are different from each other.

A first stopper 510 and a second stopper 520 are respec-
tively arranged at both ends of the restraining jig 500 in the
X direction. The first stopper 510 is fixed, but the second
stopper 520 is movable in the X direction. The plurality of
partition boards 200 are arranged between the first stopper
510 and the second stopper 520. Here, the second stopper
520 has grooves into which the pins 232, 242, 251, 261 of
the partition board 200 are inserted.

The restraining jig 500 has a pair of guide members 530
that extend in the X direction. The pair of guide members
530 are arranged at locations so as to sandwich the partition
boards 200 in the Y direction. In FIG. 7, only one of the
guide members 530 is indicated by the dashed line. The
guide members 530 are used to slide the partition boards 200
in the X direction.

The guide surface 233 of each first arm portion 230
contacts an upper end portion of one of the guide members
530, and the guide surface 243 of each second arm portion
240 contacts an upper end portion of the other one of the
guide members 530. Thus, the guide surfaces 233, 243 are
able to move along the guide members 530, and are able to
slide the partition boards 200 in the X direction.

Here, each pin 232 has a surface continuous with the
guide surface 233, so each pin 232 also contacts the corre-
sponding guide member 530. In addition, each pin 242 has
a surface continuous with the guide surface 243, so each pin
242 also contacts the corresponding guide member 530.
Thus, when the partition boards 200 are slid in the X
direction, the pins 232, 242 also move along the correspond-
ing guide members 530.

When the guide surfaces 233, 243 respectively contact the
guide members 530, the bottom surface of each partition
board 200 is spaced upward from a bottom surface 550 of
the restraining jig 500. That is, the partition boards 200 are
supported by only the pair of guide members 530.

As shown in FIG. 7, after the plurality of partition boards
200 have been arranged on the restraining jig 500, an arm
540 of the restraining jig 500 is moved in the arrow X1
direction. The arm 540 pushes the second stopper 520 in the
arrow X1 direction to slide the plurality of partition boards
200 in the arrow X1 direction. Here, the guide surfaces 233,
243 of each partition board 200 move along the guide
members 530.

The fixed first stopper 510 is arranged at one end of the
restraining jig 500, so the first stopper 510 inhibits move-
ment of the partition boards 200 in the arrow X1 direction.
Thus, the plurality of partition boards 200 are placed in a
state shown in FIG. 8.

In the state shown in FIG. 8, the pins 232, 242, 251, 261
of each partition board 200 contact another adjacent one of
the partition boards 200 (board bodies 210) in the X direc-
tion. The length of each of the pins 232, 242, 251, 261 in the
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X direction is equal to one another, so the distal ends of all
the pins 232, 242, 251, 261 contact another adjacent one of
the partition boards 200.

By bringing the pins 232, 242, 251, 261 of each partition
board 200 into contact with another adjacent one of the
partition boards 200, it is possible to uniform the clearance
between any adjacent two of the partition boards 200 in the
X direction. Specifically, the clearance between any adjacent
two of the partition boards 200 in the X direction is
uniformly set to the clearance W22. The clearance W22
corresponds to the length of each of the pins 232, 242, 251,
261 in the X direction. By uniforming the clearance between
any adjacent two of the partition boards 200 in the X
direction, it is possible to position the plurality of partition
boards 200 in the X direction.

Here, in the present embodiment, the cross-sectional
shape of each of the pins 232, 242, 251, 261, taken perpen-
dicularly to the longitudinal direction thereof, is a circular
shape; however, the cross-sectional shape is not limited to
the circular shape. That is, it is just required to be able to
uniform the clearance between any adjacent two of the
partition boards 200 in the X direction with the use of the
pins 232, 242, 251, 261, and the cross-sectional shape of
each of the pins 232, 242, 251, 261 may be set as needed.
Here, the distal ends of the pins 232, 242, 251, 261 each
desirably have a flat surface (flat surface perpendicular to the
X direction) so as to be able to easily position the partition
board 200.

By bringing the four pins 232, 242, 251, 261 provided at
mutually different positions into contact with another adja-
cent one of the partition boards 200, it becomes easy to
position each partition board 200 within the plane (Y-Z
plane) perpendicular to the X direction. That is, it is possible
to suppress inclination of each partition board 200 with
respect to the X-axis. Here, as shown in FIG. 6, the center
of gravity G of each partition board 200 is located inside the
region R. Thus, it is possible to inhibit inclination of each
partition board 200 about the center of gravity G with the use
of the four pins 232, 242, 251, 261.

When each partition board 200 is formed of a resin, it is
possible to improve the machining accuracy of the pins 232,
242, 251, 261, and it becomes easy to uniform the length of
each of the pins 232, 242, 251, 261 in the X direction. Thus,
within the plane (Y-Z plane) perpendicular to the X direc-
tion, it is possible to accurately position the partition boards
200.

When each partition board 200 is formed of a resin, it is
possible to improve the machining accuracy of each parti-
tion board 200, and it is possible to suppress variations in
dimensions among the plurality of partition boards 200.
Specifically, it is possible to suppress variations in the length
of each of the pins 232, 242, 251, 261 among the plurality
of partition boards 200. Thus, it is possible to accurately
uniform the clearance between any adjacent two of the
partition boards 200 in the X direction.

After the plurality of partition boards 200 have been
placed in the state shown in FIG. 8, the clearance between
any adjacent two of the partition boards 200 in the X
direction is expanded with the use of an arm 560 of the
restraining jig 500 shown in FIG. 9. The arm 560 has a
plurality of sub-arms 561. The plurality of sub-arms 561 are
arranged in the X direction. Each sub-arm 561 is movable
independently in the X direction.

Each sub-arm 561 is inserted into between any adjacent
two of the partition boards 200 in the X direction, and is
placed in the state shown in FIG. 9. In the state shown in
FIG. 9, when each sub-arm 561 is moved in the arrow X2
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direction, it is possible to expand the clearance between the
corresponding adjacent two of the partition boards 200 in the
X direction. For example, when each sub-arm 561 is moved
in the arrow X2 direction in order from the side close to the
first stopper 510, it is possible to expand the clearance
between the corresponding adjacent two of the partition
boards 200 in the X direction in order from the side close to
the first stopper 510.

When all the sub-arms 561 have been moved in the arrow
X2 direction, the clearance between any adjacent two of the
partition boards 200 in the X direction remains uniform.
However, the clearance between any adjacent two of the
partition boards 200 is wider than the clearance W22 shown
in FIG. 8. Here, the pins 232, 242, 251, 261 of each partition
board 200 are spaced apart from another adjacent one of the
partition boards 200 (board bodies 210) in the X direction.

Before the clearance between any adjacent two of the
partition boards 200 is expanded with the use of the sub-
arms 561, the clearance between any adjacent two of the
partition boards 200 is uniformed as shown in FIG. 8. Thus,
it is possible to expand the clearance between any adjacent
two of the partition boards 200 in a state where the clearance
between any adjacent two of the partition boards 200 is
uniform. Here, the clearance between any adjacent two of
the partition boards 200 is expanded to a clearance corre-
sponding to the thickness of each single cell 100 in the X
direction.

After the clearance between any adjacent two of the
partition boards 200 has been expanded, each single cell 100
is inserted into between any adjacent two of the partition
boards 200 as shown in FIG. 10. Specifically, each single
cell 100 is inserted from above the partition boards 200.
Here, the thickness of each single cell 100 in the X direction
is larger than the length of each of the pins 232, 242, 251,
261 in the X direction.

In the present embodiment, the inclined surfaces 231, 241
facing upward of the partition board 200 are formed at the
upper portion of each partition board 200. Therefore, it is
possible to make it easy to insert each single cell 100 with
the use of the inclined surfaces 231, 241.

According to the present embodiment, when the plurality
of partition boards 200 are caused to move in the X1
direction (see FIG. 7), it is possible to suppress inclination
of each partition board 200 with the use of the pins 232, 242.
For example, if the pins 232, 242 are omitted, there is a
concern that each partition board 200 inclines in the arrow
D direction as shown in FIG. 11. In FIG. 11, the partition
board 200 indicated by the dashed line shows a state before
the partition board 200 inclines in the arrow D direction.

Here, when each partition board 200 has the pins 232,
242, it is possible to suppress inclination of each partition
board 200 in the arrow D direction. Specifically, it is
possible to inhibit inclination of each partition board 200 in
the arrow D direction by the contact of the pins 232, 242
with the guide members 530.

By providing the pins 232, 242, it becomes easy to ensure
contact area between each partition board 200 and the guide
members 530. That is, in comparison with the configuration
that only the guide surfaces 233, 243 are brought into
contact with the guide members 530, it is possible to
increase contact area between each partition board 200 and
the guide members 530. Thus, it is possible to stably slide
each partition board 200 along the guide members 530.

In the present embodiment, the pins 232, 242 are respec-
tively provided along the extensions of the guide surfaces
233, 243; however, they are not limited to these configura-
tions. That is, the pins 232, 242 just need to be provided on
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the same side (specifically, right side in FIG. 5) as the pins
251, 261 with respect to the board body 210, and located
above the pins 251, 261.

As shown in FIG. 11, if the pins 232, 242 are omitted,
there is a concern that each partition board 200 inclines in
the arrow D direction. In order to suppress such inclination
of each partition board 200, as described above, the pins
232, 242 just need to be provided on the same side as the
pins 251, 261 with respect to the board body 210, and
located above the pins 251, 261.

In the present embodiment, the four pins 232, 242, 251,
261 are used; however, it is not limited to this configuration.
The number of the pins provided at each partition board 200
may be set as needed. The pins 251, 261 are used to position
the partition board 200 in the X direction; however, when at
least one pin is used, it is possible to position the partition
board 200. In addition, the pins 232, 242 have the function
of suppressing inclination of the partition board 200; how-
ever, when at least one pin is used, it is possible to suppress
inclination of the partition board 200.

What is claimed is:

1. A partition board to be arranged between two electrical
storage elements that are arranged adjacent to each other in
a predetermined direction, comprising:

a guide portion configured to cause the partition board to
move in the predetermined direction when each elec-
trical storage element is arranged onto the partition
board, the partition board being arranged along a guide
member that extends in the predetermined direction,
the guide portion contacting the guide member such
that the partition board moves along the guide member;

a first pin protruding in the predetermined direction, the
first pin being configured to position the partition board
in the predetermined direction, the first pin contacting
an adjacent partition board and regulating a clearance
between the partition board and the adjacent partition
board when the partition board and the adjacent parti-
tion board are arranged in the predetermined direction;
and

a second pin provided at a location different in a top to
bottom direction of the partition board from a location
at which the first pin is provided, and the second pin
protruding in the same direction as the direction in
which the first pin protrudes.

2. The partition board according to claim 1, wherein

the guide portion and the second pin respectively have
surfaces at grade, the surfaces extending in the prede-
termined direction.

3. The partition board according to claim 1, wherein

the length of the first pin in the predetermined direction is
equal to the length of the second pin in the predeter-
mined direction.

4. The partition board according to claim 3, wherein

the length of each of the first pin and the second pin in the
predetermined direction is smaller than the thickness of
each electrical storage element in the predetermined
direction.

5. The partition board according to claim 1, wherein

a plurality of the first pins and a plurality of the second
pins are provided.

6. The partition board according to claim 5, wherein

the center of gravity of the partition board is located
within a region surrounded by the plurality of first pins
and the plurality of second pins.



US 9,468,115 B2

13

7. The partition board according to claim 1, wherein

the first pin and the second pin protrude from a same

surface of the partition board at a same position along
the predetermined direction.

8. A partition board to be arranged between two electrical
storage elements that are arranged adjacent to each other in
a predetermined direction, comprising:

a board body;

alower arm portion provided at a lower peripheral portion

of the board body;

an upper arm portion provided at an upper peripheral

portion of the board body, the lower arm portion and
the upper arm portion extending in a first direction
perpendicular to the predetermined direction;

a first pin protruding from the lower arm portion in the

predetermined direction; and

a second pin protruding from the upper arm portion in the

predetermined direction,

the upper arm portion being provided at a location dif-

ferent in a second direction from a location at which the
first pin is provided, the second direction being per-
pendicular to the first direction and the predetermined
direction, and

the first pin contacting an adjacent partition board and

regulating a clearance between the partition board and
the adjacent partition board when the partition board
and the adjacent partition board are arranged in the
predetermined direction.

9. The partition board according to claim 8, wherein

the partition board is arranged along a guide member that

extends in the predetermined direction, and a lower
surface of the upper arm portion contacts the guide
member.
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10. The partition board according to claim 8, wherein

the first pin and the second pin protrude from a same
surface of the partition board at a same position along
the predetermined direction.

11. A method of restraining a plurality of electrical storage
elements arranged in a predetermined direction in an elec-
trical storage device that includes the plurality of electrical
storage elements and a plurality of partition boards, each of
which is arranged between any adjacent two of the electrical
storage elements in the predetermined direction, comprising:

regulating a clearance between the any adjacent two of the
partition boards in the predetermined direction by a first
pin provided at each of the partition boards;

inserting each electrical storage element into between the
any adjacent two of the partition boards in the prede-
termined direction; and

applying restraint force in the predetermined direction to
the electrical storage elements, wherein

when each of the partition boards is caused to move in the
predetermined direction by a guide portion provided at
each of the partition boards, inclination of each parti-
tion board with respect to the predetermined direction
is suppressed by a second pin that is provided at a
location different in a top to bottom direction of each
partition board from a location at which the first pin is
provided, and the second pin protrudes in the same
direction as the direction in which the first pin pro-
trudes.



